Marinating with calcium chloride had been employed to activate the endogenous proteolitic enzymatic system in muscle tissue. The activation of calpains leads to the disruption of major proteins responsible for myofilament structure. Nonetheless, intrinsic differences regarding enzymatic activity between different species need to be established, which concerns protein degradation and ultrastructural changes. In this study, four species--horse, chicken, rabbit and beef--were marinated in 150 mM CaCl 2 solution. Calpain activity was determined by low and high molecular weight protein degradations (SDS-PAGE) and light microscopy, which was compared to a non-treated control. All the studied species presented an increase in the number of low molecular weight bands, corresponding to the 30 kDa polypeptide that resulted from tropomiosin degradation. High molecular weight protein degradation corresponds to the formation of breakdowns and amorphous regions in tissue micrographs. These results support the evidence of meat quality improvement by calcium marination.
INTRODUCTION
Natural meat proteolysis seems to be one of the main factors that contribute to the tenderizing process during meat aging. [1] Two enzymatic systems are involved in meat tenderness: calpains and cathepsins. [2] However, there are some discrepancies in regard to the cooperative action of both enzymatic systems. [3] These proteolytic systems are the same in all muscles, regardless of species. [4] Cathepsins are lysosomal enzymes involved in muscle proteolysis; 8 are present in skeletal muscle: cathepsin A, B, C, D, H, J, and lysosomal carboxypeptidase B. [2] There are two main kinds of calpains: calpain I or m-calpain, which requires 50 to 70mM calcium, and calpain II or µ-calpain, needing 1 to 5 µM calcium for maximum activity. [5, 6] This activation could be done by the injection of meat pieces with a CaCl 2 solution or immersion into the solution.
Both enzymatic systems had proteolytic activity during meat aging, but it has been suggested that calpains are more important in myofibril breakdown after rigor mortis. [7] Postmortem proteolysis plays an important role in meat tenderization with two main changes during this process: Z-disk breakdown and desmin degradation. [8] Both Etherington [9] and Roncalés et al. [2] reported that calpains degraded troponin-T, nebulin, titin, and desmin in muscles stored under refrigeration, whereas myosin, actin, and α-actinin are not degraded under similar conditions. These changes could be accelerated by calcium chloride marination, [10] [11] [12] [13] [14] [15] [16] [17] improving meat quality. [18, 19] The objective of this work was to determine the effect of calcium chloride marination on the low and high molecular weight muscular proteins, related to calpains activity, as well as the ultrastructural changes in tissue structure.
MATERIALS AND METHODS
Four animal species were employed in order to determine differences among them. Beef and horse Longissimus dorsi samples were obtained form local abattoirs, within 48 hr of post-mortem. Chicken and rabbit were slaughtered under humanitarian conditions at the Meat Science Plant at the University facilities. The carcases were eviscerated and washed then stored 14-16 hr at 3-4°C, in order to allow rigor resolution. L. dorsi samples were removed and the left leg and employed as a control, and the right muscle was used for marinating. Beef and horse samples, the muscle (2-3 kg), was perpendicularly divided into two sections, randomly divided for control and marinating samples. The muscle was divided in ca. ~100 g portions and marinated by immersion in a 150 mM calcium chloride solution at 4°C for 48 h, under conditions as previously reported. [20] 
Myofibrillar Proteins Extraction
Miofibrillar proteins were extracted form the control and marinated samples according to the methodology reported by Samejima and Wolfe (21) , with some modifications. All steps were carried out at 4-5°C. One gram of meat was added with 10 mL of an extraction solution (0.6M NaCl, 2mM MgCl, 1mM EDTA, 0.5mM ditiothreitol, 10mM NaPO 4 , pH 7.0), homogenized for 1 min and centrifuged at 7,800 x g at 4°C for 20 min. The precipitate was resuspended (1:6 w/v) in another buffered solution (0.6M NaCl, 5mM MgCl, 5mM sodium pyrophosphate, 50mM NaPO 4 , pH 6.0). The suspension was stirred overnight at 4°C and then centrifuged at 9,000 x g for 20 min at 4°C, and the supernatant was diluted with deionised water at 4°C until ionic strength circa 0.1M was obtained. It was then stored overnight at 4°C to allow myofibrillar proteins precipitation. The precipitate was carefully removed and centrifuged at 7,800 x g for 25 min at 4°C. The precipitate was resuspended and stirred overnight at 4°C in a buffered solution (1:3 w/v)(0.6M NaCl, 50mM NaPO 4 , pH 6.0). The suspension was then centrifuged at 14,000 x g for 25 min, and the pellet was resuspended in the last solution, containing myofibrillar proteins. Protein content was adjusted and determined by the bicinchoninic acid protein assay described by Redinbaugh and Turley. [22] 
Polyacrylamide Gel Electrophoresis (SDS-PAGE)
Muscular proteins degradation was determined by polyacrylamide gel electrophoresis, as described by Laemmli. [23] Myofibrillar protein samples from marinated and control samples were prepared adding 4:1 v/v of sample buffer (4% sodium dodecyl sulfate, 10% mercaptoethanol, 0.002% bromophenol blue) solution and heated in boiling water for 4 min. Ten µL of the prepared sample and 10 µL of high molecular weight markers (500 to 10 kDa) (P-8906 for 584 to 97.4 kDa, Sigma, St. Louis, Missouri) were injected to polyacrylamide gels (3.5% w/v) in a Mini-Protean II slab cell (Bio-Rad, Richmond, California) and run at 200V. For low molecular weight, separation electrophoresis gels were prepared with higher poliacrylamide concentration (12% w/v) and 4% (w/v) in stacking gels with low molecular weight markers SDS-7 markers (66 to 14.2 kDa, Sigma Chemical Co., St. Louis, Missouri) at the same running conditions. Staining was carried out using 0.02% (w/v) Coomasie blue solution (10% acetic acid, 40% methanol) and destained by immersion into 10% acetic acid and 40% methanol solution for 30 min. Densitometry of the gels were determined in a Ultrascan XL densitometer (Pharmacia LKB, Bromma, Sweden), calculating the relative areas (peak area/total area) of band.
Light Microscopy
To determine tissue ultrastructural degradation, light microscopy of the non-treated and marinated samples was performed. Meat samples (1-2 g) were prepared by immersion in Bouin solution (75% picric acid solution, 5% acetic acid, 25% formol, 5:30 proportion w/v) and washed by consecutive immersions in xylene (3 min), absolute ethanol (2 min), and 95% ethanol (3 min). Samples were then washed with distilled water for 1 min and stained with hematoxilin for another min and then immersed in HCl: Etanol solution (1:99 v/v, ethanol 95%) for 10 sec, washed with distilled water, and dehydrated by immersion in absolute ethanol for 10 to 20 sec and xylene for 15 to 20 sec two during three consecutive cycles. Finally, samples were imbedded in paraffin at 65°C. Changes in the striated muscle due to marinating treatment were observed with an Olympus microscope with fluorescence (Olympus, model BH-2-RFCA, Tokyo, Japan).
RESULTS AND DISCUSSION

Protein Degradation
The densitometry patterns of low molecular weight myofibrillar proteins between 14 and 66 kDa, isolated from the four animal species studied, are shown in Fig. 1 to 4 , (a) and (b), for the Ca +2 treated and non-treated or control samples, respectively. Three main zones can be observed. The first one includes a peak for proteins with a molecular weight around 66 kDa. This peak was more intense in horse samples ( Fig. 1a and 1b) and rabbit samples ( Fig. 3a and 3b ) than for chicken samples ( Fig. 2a and 2b) . It was not present in beef samples ( Fig. 4a and 4b ). The intensity of this band was higher in non-treated samples ( Fig. 1a and 3a) than the Ca +2 -treated samples ( Fig. 1b and 3b ), even in chicken samples ( Fig. 2a and 2b) . This could be an indication that calpains had a proteolytic activity only on high molecular weight proteins, such as nebulin, titin, or desmin. [2, 9] The second zone was for proteins with a molecular weight around 30 kDa, a polypeptide that had been reported as a result of myofibrillar protein degradation during maturation. [4, 24] In horses, the Ca +2 -treated samples (Fig. 1a) showed an increase in the intensity of this band (∼29.0 kDa) as compared to non-treated samples (Fig. 1b) . The same result was detected for chicken samples: the Ca +2 -treated (Figure 2a , ∼27.3 kDa) had a higher intensity than the nontreated samples (Fig. 2b; ∼30.6 kDa) . The more remarkable change was observed in rabbit, where the Ca +2 -treated samples (Fig. 3a; ∼27. 3 kDa) presented a notable increase in band intensity as compared with the non-treated samples (Fig. 3b ; ∼27.0 and 29.0 kDa). In beef samples ( Fig. 4a and 4b) , the changes were not as remarkable as in the other species. The presence of this band seems to be characteristic of chicken, bovine, and porcine muscles during marination. [25] Other authors have reported the presence of the 30 kDa band as a consequence of troponin-T degradation. [26] According to Morimoto and Ohtsuki (27) , troponin-T is the troponin subunit to most sensitive enzymatic attack; whereas Jaarsveld et al. [3] reported that calpain-treated myofibrils showed a troponin-T degradation with the concomitant increase in the concentration of 27, 29, 30, 31, 32, and 33 kDa polypeptides, which agreed with the peaks present in our results. The appearance of a 27 kDa fraction was observed in rabbit muscle. [28] The third zone was for proteins with molecular weights around 23 kDa and lower. The number of bands in this region was more abundant for horse, chicken, and beef Ca +2treated samples (Fig. 1a, 2a , and 4a, respectively) than the non-treated samples (Fig. 1b,  2b , and 4b, respectively). Rabbit samples showed the same two main bands (∼14.0 and 22.5 kDa) for Ca +2 -treated ( Fig. 3a) and non-treated (Fig. 3b ) samples. The increase in protein-depleted fractions was probably due to calcium chloride marination. It has been reported that the mechanism responsible for meat tenderness is the same for all animal species, although some qualitative differences have been found between species. [3] Concerning high molecular weight fractions (molecular weight between 97 and 584 kDa), Ca +2 -treated horse, chicken, and rabbit samples (Fig. 1c, 2c and 3c, respectively) showed an increase in the number of bands as non-treated samples (Fig. 1d, 2d, and 3d , respectively). In contrast, Ca +2 -treated beef samples presented smaller bands (Fig. 4c ) than the non-treated (Fig. 4d ). The highest relative band area in the four studied species corresponded to 310-385 kDa proteins, indicating a possible degradation of intermediate filaments proteins, such as conectin, titin, and nebulin, as result of protease action. [29] Nebulin is a thin filament regulatory protein in the skeletal muscle. Rong-Ghi et al. [25] and Ho et al. [26] found that calcium chloride marination increases the degree of postmortem degradation of titin and nebulin, producing subunits with a considerably lower molecular weight. However, in agreement with Jaarseveld et al, [3] we might argue that high molecular weight protein identification had difficulties due to the presence of degradation products. A relative peak area of less than 97 kDa was observed in rabbit Ca +2 -treated ( Fig. 3c ), probably as a consequence of the presence of α-actinin, the most abundant protein in Z-line. Koohmaraie et al. [30] reported that the concentration of this protein decreased, and a 98 kDa band appeared as a result of Z-line degradation in meat marinated during 24 h. in same way. Rong-Ghi et al. [25] also reported that fast α-actinin degradation can be related to Z-line breakdown during tenderisation. 
Structural Changes
Light microscopy showed that marinated samples of the four animal species studied presented fractures, as well as dark zones, due to myofibrillar protein degradation during the experimental conditions employed ( Fig. 5 to 8 ). Beef tissue micrographs (Fig. 8 ) presented more fractures than the other three species. All samples showed Z-line and M-band degradation, in agreement with the reported by Wu et al. [31] Nonetheless, Shimada and Takahashi [32] reported that the damage in Z-line is due to the liberation of phospholipids in pork and beef calcium-marinated samples, reducing the importance of calpains role in meat tenderisation. On the other hand, Ho et al. [33] reported that changes in myofibrillar structure were mainly due to I-band degradation as reported by who described that myofibril structures in postmortem muscle are replaced by an amorphous, non-uniform bands adjacent to I-band ruptures, increasing intermyofibril gaps, as compared to premortem tissue. On the other hand, Taylor and Goll [34] described myofibril fractures in I-bands adjacent to Z-lines, but not within this structure. Similarly, Boyer-Berri and Greaser [35] reported titin depletion by calpains activity. Uytterhaegen et al. [36] also found that desmin, titin, and nebulin were depleted by calpains. Tenderisation by calpain activation followed similar patters in the four species under this study, that is, disruption of I-bands adjacent to the Z-disks with the presence of fractures and amorphous zones. However, in parts of the myofibril structure, some areas of the tissue structure remained intact or were only partly disintegrated. Partial disintegration was observed both in treated and untreated samples of the four species, probably due to naturally occurring postmortem proteolysis. Intact tissue was the result of calpain inactivation probably due to the presence of calpastatin, a natural intracellular calpain inhibitor. [37] Although calcium chloride treatment, or marination, has been explored as a means to increase meat tenderness by calpain activation and, in turn, myofibrillar protein degradation, not all structural proteins are affected. Calpains have a proteolytic effect on cytoskeletal proteins as troponin-T, troponin-I, tropomyosin, α-actinin, titin, nebulin, and 
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desmin, [38, 39, 40] but not on myosin or actin. [41, 42] In this way, any conditions that enhance the postmortem activity of calpains, as calcium chloride marination, would result in more degradation of these cytoskeletal proteins. Degradation of troponin-T may weaken the myofibrillar structure where the thin filaments are released form the Z-disk. [33, 36, 43] Protein gel electrophoresis showed that protein degradation was more extended in horse (44) , chicken, and beef Ca +2 -treated samples than non-treated samples. For rabbit, a similar number of bands were detected. Low molecular weight (LMW) proteins gel electrophoresis of myofibrillar extracts obtained from the four studied species showed that protein degradation was more extended in horse, chicken, and beef-marinated tissue, whereas treated and untreated rabbit samples had the similar number of bands. For rabbit samples, with the exception of a 30 kDa band in marinated samples, HMW and LMW proteins seemed to be not affected by calcium chloride treatment. High molecular weight (HMW) proteins had more extensive breakdowns in horse and chicken samples than in beef and rabbit. Ultrastructural changes (i.e., Z-line degradation, fractures, and formation of amorphous zones due to myofibrillar destruction) were observed in all marinated samples, probably due to degradation of intermediate proteins (titin, desmin, and nebulin).
CONCLUSIONS
Calcium chloride promoted calpain activation, affecting myofibrillar proteins in the four species studied, with different degrees of action due to inherent animal differences. Beef and horse seem to be most affected by calcium marination. The appearance of low molecular weight components could be a reflection of high molecular weight proteins, specifically troponin-T, resulting in ∼30 kDa components, depending on species. Calpain activity seems to be higher in large animal species (horse and beef) than in small--rapid rigor resolution--species (chicken and rabbit). These results support previous reports on the improvement of meat quality by calcium chloride marination, where marinated samples of these species resulted in more tenderness, increasing juiciness. [15] 
